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(57) ABSTRACT 
In an example, the present invention provides a Solid state 
battery device, e.g., battery cell or device. The device has a 
current collector region and a lithium containing anode mem 
ber overlying the current collector region. The device has a 
thickness of electrolyte material comprising a first garnet 
material overlying the lithium containing anode member. The 
thickness of electrolyte material has a density ranging from 
about 80 percent to 100 percent and a porous cathode material 
comprising a second garnet material overlying the thickness 
of electrolyte material. The porous cathode material has a 
porosity of greater than about 30 percent and less than about 
95 percent and a carbon bearing material overlying a Surface 
region of the porous cathode material. In an example, the 
carbon bearing material comprises Substantially carbon mate 
rial, although there can be variations. 
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SOLID STATE LITHIUM-AIR BASED 
BATTERY CELL 

BACKGROUND OF INVENTION 

The present invention relates generally to energy storage 
techniques. In particular, the present invention provides tech 
niques for manufacturing a lithium-air based battery cell and 
related device. Merely by way of example, the invention has 
been applied to solid-state battery cells, although there can be 
other applications. 
An explosion in the development of electronic and com 

munication devices has occurred, and continues at a rapid 
pace. As an example, Such apparatus include, among others, a 
personal computer, a video camera and a portable telephone, 
commonly termed a 'smart phone.” Examples of popular 
smartphones include the iPhoneTM from Apple Inc. of Cuper 
tino, Calif. or those phones using the AndroidTM operating 
system of Google Inc. in Mountain View, Calif. Other popular 
apparatus include electric or hybrid automobiles such as 
those from Tesla Motors Inc. in Fremont, Calif. or the Prius 
manufactured by Toyota Motor Corporation. Although highly 
Successful, these popular apparatus are limited by storage 
capacity and in particular battery capacity. That is, a high 
output and high-capacity battery for an electric automobile or 
a hybrid automobile has been advanced in the automobile 
industry. A lithium battery has been presently noticed from 
the viewpoint of a high energy density among various kinds of 
batteries. 

Liquid electrolyte containing a flammable organic solvent 
has been used for conventional lithium batteries. Unfortu 
nately, safety events can occur due to gassing, overcharge, 
overdischarge, short circuit, or overtemperature conditions 
despite the presence of engineered safety devices such as 
current interrupt devices and vents. A lithium battery config 
ured with a solid electrolyte layer (replacing the liquid elec 
trolyte) has been described to improve the safety of the bat 
tery. A garnet electrolyte material has been proposed as a 
solid electrolyte material used in conventional lithium ion 
batteries. To increase energy density of batteries to a level 
necessary for widespread adoption of electric vehicles, the 
use of a lithium-air based battery cell has been proposed. 
Such a lithium-air battery cell has shortcomings including 
formation of lithium dendrites, decomposition of electrolyte 
material, and utilization of a carbon based cathode, which 
catalyzes the decomposition of carbonate electrolyte materi 
als. Further details of the shortcomings of the conventional 
lithium-air battery cell are described throughout the present 
specification and more particularly below. 

Techniques for improving a lithium air battery and imple 
menting a solid-state battery are highly desired. 

SUMMARY OF INVENTION 

According to the present invention, techniques related gen 
erally to energy storage are provided. In particular, the present 
invention provides techniques for manufacturing a lithium 
air based battery cell and related device. Merely by way of 
example, the invention has been applied to solid-state battery 
cells, although there can be other applications. 

In an example, lithium air batteries have potentially high 
energy density. However, practically Such lithium air batter 
ies suffer from low reversibility and low power density due to 
a challenge of decomposition of traditional electrolytes at the 
cathode due to the presence of oxygen, catalytic carbon cath 
odes, and the electrochemical voltage at the cathode. Further, 
to enable high energy density in a relatively high-capacity, 
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2 
low-voltage cathode, the anode should be low Voltage and 
high capacity. A lithium metal anode is often desirable, 
although it generally requires a Solid-state electrolyte to avoid 
dendrite formation from plating lithium metal during charge. 

In an example, the present specification discloses a solid 
state electrolyte to enable a lithium metal anode plus a solid 
state catholyte with high conductivity to avoid the problems 
of decomposition with conventional liquid catholytes. The 
catholyte—which should be stable at >3V versus Li, highly 
conductive, and stable to air is preferably an oxide material 
Such as a garnet (La Li, ZrO2 and variants thereof) and may 
be coated with a conductive carbon via a vapor-phase or 
liquid-phase coating for electron conductivity. Such a struc 
ture provides a high Surface-area to provide a high density of 
reaction sites. To Summarize, an all Solid-state system would 
enable high energy density, high power density, and revers 
ibility of a lithium-air battery in an example. 

Electric vehicles often desire batteries with high energy 
density, high power density, long lifetime, good safety, and 
low cost. Lithium-air batteries have been considered the 
"holy grail of electrical energy storage due to their high 
theoretical energy density. This disclosure includes a tech 
nique to enables lithium air batteries in practical systems by 
overcoming their traditional shortfalls such as low cycle life 
due to cathode-catalyzed decomposition of the electrolyte, 
low power density due to the poisoning of the cathode by 
those decomposition products, and other limitations. Further, 
this specification discloses a cathode that is stable to air— 
oxygenas well as the CO and H2O in the air—addressing the 
potential system-level complexity required to separate O. 
from air in a liquid electrolyte battery. Additional cost, 
weight, volume, and complexity is otherwise required to 
scrub CO, and HO from the air before introduction to the 
cathode of a Li-air battery. Finally, the solid-state electrolyte 
also enables a lithium metal anode, a desirable solution for 
high energy density in a Li-air battery. As used herein, the 
term high energy density generally means 250 to 800 Wh/kg 
at the packaged cell level, although there can be variations. 

In an example, the present invention provides a Solid state 
battery device, e.g., battery cell or device. The device has a 
negative current collector region and a lithium containing 
anode member overlying the negative current collector 
region. The device has a thickness of electrolyte material 
comprising a first garnet material overlying the lithium con 
taining anode member. The thickness of electrolyte material 
has a density ranging from about 80 percent to 100 percent 
and a porous catholyte material comprising a second garnet 
material overlying the thickness of electrolyte material. The 
porous catholyte material has a porosity of greater than about 
30 percent and less than about 95 percent and a carbon bear 
ing material overlying a Surface region of the porous cathode 
material. In an example, the carbon bearing material com 
prises Substantially carbon material, although there can be 
variations. The device optionally has a positive current col 
lector grid overlying the carbon material and making contact 
to the carbon material. 

In an example, the present invention provides an electro 
chemical cell device. The device has a negative current col 
lector member and a lithium metal anode structure electri 
cally coupled with the negative current collector member. The 
device has a solid oxide bearing lithium ion conducting elec 
trolyte separator in contact with the lithium metal anode 
structure. In an example, the Solid oxide bearing lithium ion 
conducting electrolyte separator has a density ranging from 
about 80% to about 100%. The device a solid oxide bearing 
lithium ion conducting cathode scaffold structure overlying 
the Solid oxide bearing lithium ion conducting electrolyte 
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separator and an electronically conductive coating covering 
at least one portion of the cathode scaffold structure. As used 
herein, the term “scaffold structure' generally means a 
porous, mechanically stable Supporting structure, although 
there may be variations. The device has a positive current 
collector in electrical contact with the electrically conductive 
coating and a housing structure (e.g., a metal that does not 
oxidize Such as a coated Al mesh, a Ni mesh or foam, a 
stainless steel mesh, etc.) configured with the negative current 
collector member, the lithium metal anodestructure, the solid 
oxide bearing lithium ion conducting electrolyte separator, 
the Solid oxide bearing lithium ion conducting cathode scaf 
fold structure, the electronically conductive coating, and the 
positive current collector. 

In an example, the present invention provides a method for 
manufacturing a electrochemical cell. The method includes 
providing a negative current collector member and forming a 
lithium metal anode structure electrically coupled with the 
negative current collector member. The method includes 
forming a solid oxide bearing lithium ion conducting electro 
lyte separator in contact with the lithium metal anode struc 
ture. In an example, the Solid oxide bearing lithium ion con 
ducting electrolyte separator has a density ranging from about 
80% to about 100%. The method includes forming a solid 
oxide bearing lithium ion conducting cathode scaffold struc 
ture overlying the solid oxide bearing lithium ion conducting 
electrolyte separator, the Solid oxide bearing lithium ion con 
ducting cathode scaffold structure having an electronically 
conductive coating covering at least one portion of the cath 
ode scaffold structure. The method also includes forming a 
positive current collector in electrical contact with the elec 
trically conductive coating. 

In an example, the present solid oxide electrolyte (lithium 
conductor which is still an oxide) has one or more of the 
following benefits: 
No lithium dendrite formation; 
No electrolyte decomposition; and 
High conductivity and thermal stability. 
Further details of the present benefits can be found 

throughout the present specification and more particularly 
below. 

The present invention achieves these benefits and others in 
the context of known process technology. However, a further 
understanding of the nature and advantages of the present 
invention may be realized by reference to the latter portions of 
the specification and attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified cross-sectional view of an electro 
chemical cell according to an example of the present inven 
tion. 

FIG. 2 is a simplified cross-sectional diagram of a lithium 
containing anode member overlying the current collector 
region and a thickness of electrolyte material comprising a 
first garnet material overlying the lithium containing anode 
member according to an example of the present invention. 

FIG. 3 is a more detailed diagram of a porous cathode 
material comprising a second garnet material and a carbon 
coating overlying the cathode material, the cathode material 
overlying the thickness of electrolyte material according to an 
example of the present invention. 

FIG. 4 is a simplified flow diagram illustrating a method of 
fabricating an electrochemical cell according to an example 
of the present invention. 
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4 
FIG.5 is a more detailed flow diagram illustrating a method 

of fabricating an electrochemical cell according to an 
example of the present invention. 

FIG. 6 shows a sequence of processes for fabricating a 
dense garnet pellet according to an example of the present 
invention. 

FIG. 7 shows a sequence of processes for fabricating a 
porous garnet film according to an example of the present 
invention. 

FIG. 8 presents SEM micrographs of dense garnet film and 
a porous garnet film according to examples of the present 
invention. 

FIG. 9 presents density of dense garnet formulations with 
Nb and Ta doping in an example. 

FIG.10 presents conductivity of dense garnet formulations 
with Nb and Ta doping in an example. 

FIG. 11 is a simplified cross-sectional diagram of a lithium 
air battery device configured in a housing according to an 
example. 

FIG. 12 is a simplified cross-sectional diagram of a lithium 
air battery device configured in a housing according to 
another example. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

According to the present invention, techniques related gen 
erally to energy storage are provided. In particular, the present 
invention provides techniques for manufacturing a lithium 
air based battery cell and related device. Merely by way of 
example, the invention has been applied to Solid-state battery 
cells, although there can be other applications. 
As background, one or more of the following limitations 

are overcome by the present method and structures. 
A cathode is often made of gold or carbon. Gold is too 

expensive and too heavy for practical use. Carbon catalyzes 
decomposition of the electrolyte. 
An anode made of lithium has limitations, that is, no good 

Solution exists for Li-metal anodes. The second best system 
includes Si-alloying anodes, which introduce a Voltage, Vol 
ume and mass penalty compared to a lithium metal anode. 
An electrolyte is often made of conventional carbonates, 

which are unstable in electrochemical evolution of O from 
LiO. In an example is a recharge reaction in a Li-air battery. 

Depending upon the embodiment, one or more of these 
limitations are overcome by the present techniques. 

FIG. 1 is a simplified cross-sectional view of an electro 
chemical cell according to an example of the present inven 
tion. As shown, the cell has a current collector region (not 
shown) and a lithium containing anode member overlying the 
current collector region. The device has a thickness of elec 
trolyte material comprising a first garnet material overlying 
the lithium containing anode member. In an example, the 
thickness of electrolyte material has a density ranging from 
about 80 percent to 100 percent, although there can be varia 
tions. In an example, the cell has a plurality of catholyte 
particles configured as a porous cathode material comprising 
a second garnet material overlying the thickness of electrolyte 
material. In an example, the porous electrolyte material has a 
porosity of greater than about 30 percent and less than about 
95 percent and a carbon bearing material overlying a Surface 
region of the porous cathode material. In an example, the 
carbon bearing material comprises Substantially carbon mate 
rial, although there can be variations. 

FIG. 2 is a simplified cross-sectional diagram of a lithium 
containing anode member overlying the current collector 
region and a thickness of electrolyte material comprising a 
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first garnet material overlying the lithium containing anode 
member according to an example of the present invention. In 
an example, the anode current collector is made of a Suitable 
material Such as stainless Steel, copper, or nickel, although 
there can be variations. The anode is made of lithium metal. 
Overlying the anode material is the thickness of electrolyte 
material. 

FIG. 3 is a more detailed diagram of a porous cathode 
material comprising a second garnet material and a carbon 
coating overlying the cathode material, the cathode material 
overlying the thickness of electrolyte material according to an 
example of the present invention. As shown is a garnet elec 
trolyte made of a La3Li7Zr2O12. The cathode material com 
prises a plurality of garnet catholyte particles each of which 
has an overlying carbon bearing material. 

FIG. 4 is a simplified flow diagram illustrating a method of 
fabricating an electrochemical cell according to an example 
of the present invention. In an example, the method comprises 
a sequence of steps including a solid State electrolyte (SSE) 
formation, SSE deposition, cathode deposition, anode depo 
sition, and packaging. Further details of the present method 
can be found throughout the present specification and more 
particularly below. 

FIG.5 is a more detailed flow diagram illustrating a method 
of fabricating an electrochemical cell according to an 
example of the present invention. In an example, the method 
begins with SSC formation. That is, the method creates a 
garnet powder by milling and high temperature reaction of 
oxide precursors such as Li2O/LiOH, ZrO2, La-O in an 
example. In an example, the powder also has a suitable dopant 
such as Al2O3, Sb2O3. NbOs or Ta-Os, among others. The 
method also includes solventformulation of base garnet pow 
der with binder, solvent and Subsequent mixing to achieve a 
Suspension. 

In an example, the method includes Solid state electrolyte 
(SSE) deposition, that is, the method deposits a slurry con 
taining garnet powder on a sacrificial Substrate via slot-die, 
meyer rod, screen printing, tape casting, or the like, and 
combinations thereof. In an example, the method includes 
Subjecting the deposited material to a thermal treatment or 
“firing, optionally in a low PO environment (atmosphere 
partially containing H or CO), at least 1000°C. for at least 10 
minor other suitable time to achieve greater than 80% density 
up to about 100%. Of course, there can be variations includ 
ing hot pressing, or hot isostatic pressing of the garnet. 
The method includes cathode deposition. In particular, the 

method includes a step to deposit a source material with low 
Solids loading in a binder and solvent combination. The 
method also sinters the deposited Source material to achieve 
greater than 30% porosity or less than 95% porosity of the 
material. In an example, the method also coats the sintered 
Source material to a carbon or electron conductive material, 
Such as a carbon or the like. Carbon coating methods are well 
known in the art; in an example, the coating occurs via vapor 
deposition, plasma deposition, pitch coating, thermal decom 
position coating with precursors comprising Sucrose, poly 
(ethylene glycol), citric acid, poly(vinyl alcohol), ascorbic 
acid, etc. Sputtering, or other techniques. 

In an example, the method then includes anode formation. 
In an example, the method “lifts off the SSE to be a free 
standing SSE and cathode. The method introduces the free 
standing SSE and cathode to inert atmosphere such as He or 
Aror other suitable species. The method applies a lithium foil 
to a face opposing the cathode. Application can be via vapor 
phase deposition Such as thermal evaporation, e-beam evapo 
ration, flash evaporation or Sputtering or by mechanical appli 
cation of a lithium foil. In an example, the method applies a Ni 
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6 
or Cu foil current collector to the face and a stainless steel 
mesh to the cathode face to form a multilayered stacked 
Structure. 

In an example, the method includes a packaging process. 
That is, the method encapsulates the stacked structure in an 
enclosure that is air-breathing on the cathode side but sealed 
from ingress of air/water on the anode side. In an example, the 
method creates electrical tabs for contact, weld them to the 
current collectors, and guide them through the enclosure. 
Further details of the present technique can be found through 
out the present specification and more particularly below. 

FIG. 6 shows a sequence of processes for fabricating a 
dense garnet pellet according to an example of the present 
invention; and FIG. 7 shows a sequence of processes for 
fabricating a porous garnet film according to an example of 
the present invention. Further details of the process sequence 
can be found throughout the present specification, and more 
particularly below. 

FIG. 8 presents SEM micrographs of dense garnet film and 
a porous garnet film according to examples of the present 
invention. As shown, the micrograph in FIG. 8(b) illustrates a 
percolating structure, which is interconnected to form a 
porous garnet film. The percolating structure is intercon 
nected with each other, and includes various necking struc 
tures. 

FIG. 9 presents density of dense garnet formulations with 
Nb and Ta doping. As shown is density plotted against for 
mulations of Nb and Ta doping and annealing time, tempera 
ture, and atmosphere. 

FIG.10 presents conductivity of dense garnet formulations 
with Nb and Ta doping. As shown is conductivity plotted 
against formulations of Nb and Tadoping and annealingtime, 
temperature, and atmosphere. 

In an example, the lithium-air battery is constructed 
according to the following description. Lithium metal anode, 
garnet Solid state electrolyte, porous garnet catholyte, cath 
ode is made by carbon deposition on the high Surface area of 
the garnet catholyte, and a metal mesh current collector is 
applied to leave the cathode open to air. The garnet is undoped 
or a Sb. , Nb—, Ta , Al , or otherwise doped version of 
La-Li, ZrO2 material with high conductivity. The electro 
lyte is made as a thin, freestanding film on a sacrificial Sub 
strate Such as polypropylene, mica, polyethylene, or polyim 
ide or other Suitable material, including combinations and the 
like. The electrolyte is deposited (by tape-casting, Screen 
printing, slot-die, meyer rod, or otherwise) on the Substrate as 
agreen ceramic suspended in a solvent and binder. The binder 
is burned off by a slow thermal ramp to a temperature of at 
least 350 C in a mildly oxidizing atmosphere. The electrolyte 
is then lifted off the sacrificial substrate. The electrolyte fired 
at high temperature such as 1100° C. for at least 15 minutes. 
A porous garnet is deposited on one surface with a similar 
technique but a low-solids loading Solution, and the sintering 
conditions of time, temperature, and atmosphere are con 
trolled to avoid full densification. Optimally, the porosity is 
greater than 40% and is preferably greater than 60%. This 
porous layer is infiltrated by a conductive carbon from the 
vapor phase, such as in a pitch coating, CVD. ALD, tech 
niques that are used to make carbon fibers, graphene, graph 
ite, ketjen black, carbon nanotubes, commonly called CNTs, 
or otherwise. Next, the dual-layer film is placed on a lithium 
foil in a nitrogen-free, oxygen-free, water-free environment 
Such as He or Argas. A current collector that does not alloy or 
react with lithium (such as Cuor Ni) foil is applied to the back 
of the Lianode and a mesh that does not react in air or dissolve 
or corrode at Voltages greater than 3V Such as stainless steel 
is applied to the cathode. Of course, there can be variations. 
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In an example, techniques have been employed to prepare 
a garnet powder and dense pellet, as follows: 

Measure out each precursor powder (weigh out stoichio 
metric ratios of components, such as LiOH, La O. ZrO2, and 
dopants e.g. Ta-Os, Al2O, NbOs. 
The powders are wet-mixed for 4-6 hrs on a roller mill, in 

a Nalgene bottle half filled with milling yttria stabilized Zir 
conia (YSZ) media using 2-propanol as the liquid medium. 
The mixed powders are transferred to a 90 Coven and dried 

until all the propanol has evaporated. 
The dried precursor powders are transferred to an alumina 

crucible and calcined at 900 C for 6 hrs to form the garnet 
crystalline phase. To reduce the particle size of the newly 
formed garnet powder, it is transferred back into the Nalgene 
bottle with fresh YSZ milling media and 2-propanol and 
milled for a further 6-24 hrs. 

Subsequently, the garnet powder can be dried as before. 
To prepare pellets fro sintering, binder is added to the 

milled garnet powder. STo some garnet powder is added 2% 
wt of polyvinylpyrollidone (PVP). The PVP can be predis 
solved in 2-propanol to form a binder solution. The PVP 
Solution and the garnet powder are mixed by hand in a beaker 
on a warm hotplate until the propanol has evaporated. Drying 
can be completed in a 120 Coven for a further 30 mins. 

To prepare the pellet the garnet-PVP powder is crushed 
using a Mortar & pestle and passed through an 80 mesh seive. 
Approximately, 0.7 gms of this sieved powder is poured into 
a 13 mm die and pressed under 25 MPa. The pressed pellet in 
then heated to 1100° C. for 15 minutes during which time it 
sinters to high density, i.e. 85-100%. 

In an example, techniques have been employed to prepare 
a porous garnet material as follows: 
The garnet powder (as prepared as above) is initially dis 

persed in the organic solvent. 8 gms of garnet powder 
along 0.16 gms of a dispersant, Menhaden Blown Fish 
Oil and 5.1 gms of a solvent (toluene:ethanol mixture, 
4:1) are transferred into a small plastic bottle (-30 ml), 
partially filled with YSZ milling media and mixed on a 
roller mill for 4-6 hrs. 

To this dispersed garnet mixture is added 0.516 gms of a 
binder, poly-vinyl-butyral (PVB) and 0.516 gms of a plasti 
cizer. Butyl Benzyl Phtalate and the slurry is rolled on the 
roller mill for a further 2 hrs. 

To prepare a film from this slurry a metal foil (e.g. Copper 
or Nickel) is laid flat on a glass surface. A doctor blade, with 
Blade height set ~50 um, was used to cast the slurry which 
dries within a few minutes at room temperature to a dry 
thickness of 20 um. The garnet film on metal foil is then cut 
into desired sizes. The films are then heat treated in a similar 
manner to the pellet described above but require atmospheric 
control in order to avoid oxidation of the metal substrate. 

First a binder removal heat treatment is carried out by a 
slow thermal ramp to ~600C, in a tube furnace under a mildly 
oxidizing environment such as a wet argon flow of ~200 
sccm. Then the films are sintered at temperature between 
1000-1200C for 15 ins-6 hrs under a wet-Argon-Hydrogen 
gas flow. The films are cooled to <250 C before they are 
removed to atmosphere. In practice a Lithium rich atmo 
sphere is necessary to inhibit Li loss from the film and this can 
beachieved by covering the film with a powder of the same 
composition as the film. 

FIG. 11 is a simplified cross-sectional diagram of a lithium 
air battery device configured in a housing according to an 
example. As shown is a solid state battery device. The device 
has a current collector region. The device has a lithium con 
taining anode member overlying the current collector region. 
In an example, the lithium containing anode member is a 
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8 
substantially solid material or variation thereof. The device 
has a thickness of electrolyte material comprising a first gar 
net material overlying the lithium containing anode member. 
In an example, the thickness of electrolyte material has a 
density ranging from about 80 percent to 100 percent. In an 
example, the electrolyte material has the first garnet material 
or the like. The first garnet material comprising 
La LiZrO, X, where 2<A<4, 4<B<8, 1<C<3, 10<D-14, 
0<E<2, and X is one or more elements selected from a list 
comprising Al, Sb, Ta, Nb, or Ba or variations. 

In an example, the device has a porous cathode material 
comprising a second garnet material overlying the thickness 
of electrolyte material. In an example, the porous electrolyte 
material has a porosity of greater than about 30 percent and 
less than about 95 percent. In an example, the second garnet 
material comprises La LiZrO, X, where 2<A-4, 4<B<8. 
1<C<3, 10<D<14, OsB<2, and X is one or more elements 
selected from a list comprising Al, Sb, Ta, Nb, or Ba. In an 
example, the thickness of the electrolyte material ranges from 
about 2 microns to about 30 microns. In the device has a 
carbon bearing material overlying a surface region of the 
porous cathode material. In an example, the carbon bearing 
material comprises substantially carbon material or varia 
tions thereof. 

In an example, the device has an oxygen bearing source in 
contact with a Surface region of the porous cathode material. 
The oxygen bearing source is commonly air or other gas 
material. In an example, the device has a current collector 
structure configured to expose the Surface region to the oxy 
gen bearing Source, and having a conductivity in a predeter 
mined amount. 

In an example as shown, the current collector structure 
comprising a mesh structure configured in a metal material. In 
an example, the metal material is a stainless steel or nickel 
material. As shown, the mesh structure is configured to allow 
the oxygen to come in intimate contact with the Surface of the 
porous cathode material while maintaining the porous cath 
ode material within a predefined spatial region between the 
mesh structure and the thickness of electrolyte material. 
As also shown, the device has a covering enclosing the 

electrolyte material in a spatial region within a hermetic 
sealed region. In an example the covering is a pouch com 
prising a laminated polymer and metal structure. In an 
example, each of the edges is sealed to an upper region of the 
electrolyte material, although there can be variations. As 
shown is a negative member or tab connected to the anode 
member. Also shown is a positive member or tab connect to 
the current collector mesh to complete the battery cell struc 
ture. 

FIG. 12 is a simplified cross-sectional diagram of a lithium 
air battery device configured in a housing according to 
another example. As shown is a solid state battery device. The 
device has a current collector region. The device has a lithium 
containing anode member overlying the current collector 
region. In an example, the lithium containing anode member 
is a substantially solid material or variation thereof. The 
device has a thickness of electrolyte material comprising a 
first garnet material overlying the lithium containing anode 
member. In an example, the thickness of electrolyte material 
has a density ranging from about 80 percent to 100 percent. In 
an example, the electrolyte material has the first garnet mate 
rial or the like. The first garnet material comprising 
La LiZrOX, where 2<A<4, 4<B<8, 1<C<3, 10<D<14, 
0<E<2, and X is one or more elements selected from a list 
comprising Al, Sb, Ta, Nb, or Ba or variations. 

In an example, the device has a porous cathode material 
comprising a second garnet material overlying the thickness 
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of electrolyte material. In an example, the porous electrolyte 
material has a porosity of greater than about 30 percent and 
less than about 95 percent. In an example, the second garnet 
material comprises La LiZrOX where 2<A<4, 4<B<8, 
1<C<3, 10<D<14, 0<E<2, and X is one or more elements 
selected from a list comprising Al, Sb, Ta, Nb, or Ba. In an 
example, the thickness of the electrolyte material ranges from 
about 2 microns to about 30 microns. In the device has a 
carbon bearing material overlying a surface region of the 
porous cathode material. In an example, the carbon bearing 
material comprises substantially carbon material or varia 
tions thereof. 

In an example, the device has an oxygen bearing source in 
contact with a surface region of the porous cathode material. 
The oxygen bearing source is commonly air or other gas 
material. In an example, the device has a current collector 
Structure configured to expose the surface region to the oxy 
gen bearing source, and having a conductivity in a predeter 
mined amount. 

In an example as shown, the current collector structure 
comprising a mesh structure configured in a metal material. In 
an example, the metal material is a stainless steel or nickel 
material. As shown, the mesh structure is configured to allow 
the oxygen to come in intimate contact with the surface of the 
porous cathode material while maintaining the porous cath 
ode material within a predefined spatial region between the 
mesh structure and the thickness of electrolyte material. 
AS also shown, the device has a covering enclosing the 

electrolyte material in a spatial region within a hermetic 
sealed region. In an example the covering is a pouch com 
prising a laminated polymer and metal structure. In an 
example, each of the edges is sealed to a lower region of the 
electrolyte material, although there can be variations. Alter 
natively, the seal can be at an edge region or some combina 
tion of the above, while there are variations. As shown is a 
negative member or tab connected to the anode member. Also 
shown is a positive member or tab connect to the current 
collector mesh to complete the battery cell structure. 

In an example, the present method and structure can lead to 
advantages. In an example, the present method and resulting 
battery device can achieve longer lifetime, higher power den 
sity, and higher energy density compared to other Li-air bat 
teries. In an example, the present battery device also achieves 
higher energy density compared to other batteries. Of course, 
there can be variations, modifications, and alternatives. 

Although numerous examples of the invention have been 
illustrated and described, the invention is not so limited. 
Numerous modifications, variations, substitutions and 
equivalents will occur to those skilled in the art without 
departing from the spirit and scope of the present invention. 

While the above is a full description of the specific embodi 
ments, various modifications, alternative constructions and 
equivalents may be used. That is, the above description can be 
applied to other elements such as an electrolyte or others. 
Therefore, the above description and illustrations should not 
be taken as limiting the scope of the present invention which 
is defined by the appended claims. 
The invention claimed is: 
1. A solid state battery device, the battery device compris 

ing: 
a current collector region; 
a lithium containing anode member overlying the current 

collector region; 
an electrolyte material comprising a first garnet material 

overlying the lithium containing anode member, the 
electrolyte material having a density ranging from about 
80 percent to 100 percent of a theoretical density asso 
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10 
ciated with the first garnet material, the first garnet mate 
rial comprising La LiZrOX, where 2<A<4, 4<B<8, 
1<C<3, 10<D<14, 0<E<2, and where X is one or more 
elements selected from the group consisting of Al, Sb, 
Ta, Nb, and Ba: 

a porous cathode material consisting essentially of a sec 
ond garnet material overlying the electrolyte material, 
the porous cathode material having a porosity of greater 
than about 30 percent and less than about 95 percent, the 
Second garnet material being La Li ZrOX where 
2<A<4, 4<B<8, 1<C<3, 10<D<14, 0<E<2, and where X 
is one or more elements selected from the group consist 
ing of Al, Sb, Ta, Nb, and Ba; 

a carbon bearing material overlying a surface region of the 
porous cathode material, the carbon bearing material 
comprising substantially carbon material; 

an oxygen bearing source in contact with the surface region 
of the porous cathode material; and 

a current collector structure configured to expose the sur 
face region to the oxygen bearing source, and having a 
conductivity in a predetermined amount. 

2. The device of claim 1 wherein the electrolyte material is 
characterized by a thickness of about 2-30 microns, wherein 
the current collector structure comprises a mesh structure 
configured in a metal material, the metal material being a 
stainless steel or nickel material, and the mesh structure being 
configured to allow oxygen from the oxygen bearing source 
to come in intimate contact with the surface of the porous 
cathode material while maintaining the porous cathode mate 
rial within a predefined spatial region between the mesh struc 
ture and the electrolyte material, and wherein the device 
further comprises a covering enclosing the electrolyte mate 
rial in a spatial region within a hermetic sealed region, the 
covering being a pouch comprising a laminated polymer and 
metal structure. 

3. The device of claim 1 wherein the porous cathode mate 
rial is configured as a percolating structure. 

4. The device of claim 1 wherein the porous cathode mate 
rial is characterized by a thickness of about 1-100 microns. 

5. The device of claim 1, the oxygen bearing source being 
air or other oxygen environment. 

6. The device of claim 1 wherein the porous cathode mate 
rial is in the form of a plurality of interconnected particles, 
and wherein the porous cathode material is prepared by a 
process comprising the steps of: 

thermally treating the plurality of particles disposed over 
lying the electrolyte material; and 

decomposing a binder material disposed along with the 
plurality of particles. 

7. The device of claim 1 wherein the porous cathode mate 
rial is in the form of a plurality of particles interconnected via 
a necking process. 

8. The device of claim 1 wherein the electrolyte material is 
provided by a plurality of particles disposed overlying the 
anode material. 

9. The device of claim 1 wherein the electrolyte material is 
characterized by a polycrystalline structure. 

10. The device of claim 1 wherein the electrolyte material 
is configured to maintain a surface region of the lithium 
containing anode material to be free from a formation of a 
dendrite structure. 

11. The device of claim 1 wherein the current collector 
region comprises a negative electrode characteristic, and 
wherein the current collector region further comprises Cu, Ni, 
stainless steel and/or W. or materials coated with Cu, Ni, 
stainless steel, and/or W. 
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